INTRODUCTION
The spatial development of contemporary towns results in the inclusion within urban boundaries of areas, in which a wide variety of ecological processes persists. Within cities and towns such spaces are converted into recreational areas (parks, sport grounds, etc.) or also form green areas within housing estates. Despite the considerable changes taking place in them, favourable conditions continue there for the existence of a large number of plant, animal and microorganism species, and for the function of at least part of the tro-phic and paratrophic ecological processes. Important changes in the living conditions of many populations are, however, taking place in such changed ecosystems within towns, leading either to destruction or quantitative limitation of the populations or, conversely, to their outbreak. This last phenomenon is probably due to weakening of regulating mechanisms operating at the level of the ecosystem.
The release of populations from the regulating effect of the ecosystem, adaptation of populations to life under the specific conditions formed by a town, formation of new regulating mechanisms etc. may be termed synurbization, by analogy with synanthropization. The latter means proneness of species to live in close relation with man, regardless of whether such species live in or outside towns. The former term indicates a close connection between the species and a very specific urban environment. Populations of the same species living in urban ecosystems and in more natural ecosystems differ in respect of many parameters characterizing their structure, organization and intrapopulation processes, adapted to the place they occupy in these ecosystems. Among the species subject to synurbization it is the non-synanthropic mammals which merit particular attention. Little is known about the process of their adaptation to living in an urban environment, their possible tendency to mass occurrence under new conditions and their potential sanitary and hygienic role in towns. It is also possible that on account of the physiological similarities between man and other mammals, wild non-synanthropic mammals occurring within town areas may prove to be important bioindicators of changes taking place in the biotic and abiotic conditions of towns.
The present study was aimed at establishing what changes can be observed in the ecological processes taking place in a community of small mammals with an increasing degree of urbanization of the area and increasing pressure of urbanization on the ecosystem in which this community occurs. We were also interested in the changes in certain intrapopulation processes in a species belonging to this community, and exhibiting distinct tendencies to synurbization, that is, the field mouse Apodemus agrarius Pallas, 1771.
DESCRIPTION OF STUDY AREAS
The studies were carried out in 1975 and 1976 in Warsaw in three large wooded areas: in the Łazienki Park (together with the Botanical Gardens), Bielany Grove and Młociny Wood.
The Łazienki Park together with the adjacent Botanical Gardens occupies an area of about 50 ha, and is situated in the central part of Warsaw, surrounded by busy streets and compact built-up areas. The are in which trapping was carried out was covered by the vegetation characteristic of old parks: groups of trees and shrubs, over 80 years old, and extensive grass areas. Although the vegetation was artificially planted, it is similar in respect of species composition and structure to the Tilio-Carpinetum association. The trees in groups reach densities of up to 90°/t and bushes up to 75°/o, which results in considerable shade and consequently a very poor herb layer. Stretches of lawns were partly covered by the community composed of cultivated garden species occuring on habitats of Galinsogo-Setarietum, with the dominating species Calinsoga parviflora; near roads and paths, the association with Poa annua, very resistant to treading, occurs, and also the association with Agrostis canina.
The second study area -the Bielany Grove -is situated in the northern part of Warsaw, and is a nature reserve 130 ha in extent. Although retaining its forest character (part of the ancient primeval forest) it is much frequented by humans, is intersected by a network of paths and functions as an urban park. It is bounded on two sides by compact built-up areas, on the third by less densely built houses and on the fourth by a motorway, or directly by the bank of the River Vistula.
The area in which studies were made consisted of an alder wood belonging to the Carici elongatae-Alnetum association, and of an association similar to Tilio--Carpinetum. In the first association the dominating species was Alnus glutinosa (50-60 years old), with Impatiens noli-tangere and Rubus sp., or Urtica dioica and Lamium purpureum, in the herb layer.
In the second association there were approximately equal numbers of Carpinus betulus, Tilia cordata, Acer platanoides, Fagus silvatica (over 70 years old), while Stellaria holostea, Melampyrum nemorosum and Vinca minor dominated in the herb layer.
The third study area was the Młociny Wood on the outskirts of Warsaw (about 50 ha in extent), situated 3 km further to the north than Bielany Grove. It is bounded on two sides by widely-spaced houses, on the third by a motorway, beyond which are wooded areas, and on the fourth directly by the riverbed of the Vistula. The studies were carried out in the alder wood -Carici elongatae--Alnetum and in the sub-association Carici elongatae-Alnetum dryopteridetum cristatus. In both cases Alnus glutinosa dominates, the trees being from 50-60 years old. In the alder wood the dominating species in the herb layer is Impatiens noli-tangere or Aegopodium podagraria, whereas in the second sub-association Dryopteris cristata was found in considerable numbers in the herb layer.
The three study areas thus formed a sequence leading from the centre of Warsaw towards its northern periphery, characterized by the decreasing influence of urbanization -from the park in the centre of Warsaw (Łazienki Park) to the Bielany Grove (situated 7 km from the centre of the city, but coming within the built-up area) to Młociny Wood, situated at a distance of 10 km from the centre of Warsaw, and close to suburban building only (separate houses).
Trapping of rodents in the Kampinos Forest (Kampinos National Park) was carried out once only. This forest constitutes an extensive wooded area in which the ecosystems are only very slightly affected by man. The study area was situated at a distance of 20 km from the middle of Warsaw. Trapping of rodents was carried out using live traps arranged in trapping lines, which operated in the same place for 5-7 days. After this period the trapping line was moved to a different place. The traps in the line were spaced every 15 m, except that in Łazienki Park this system could not be adhered to strictly on account of the mosaic character of vegetation in the Park. From 50 to 70 traps were set out in the various series in Młociny Wood and Bielany Grove, and from 30 to 80 traps in Łazienki Park.
The animals caught were anaesthetized, weighed and dissected to determine their sex and reproductive condition. Their age was estimated from analysis of dry mass of the eye lens (Adamczewska- Andrzejewska, 1973 
DESCRIPTION OF THE RODENT COMMUNITY
The three habitats examined differed from each other considerably in respect of the composition of the rodent community, both as to number of species and the percentages which they form of the community. In Młociny Wood the following 4 species were caught: C. glareolus, A. flavicollis, A. agrarius and P. subterraneus. It is difficult to decide which is the dominating species in this habitat. The bank vole and striped field mouse occurred in approximately equal proportions and jointly formed 75-93% of the community, the yellow-necked mouse 6-24%, while Pitymys subterraneus was caught only sporadically (1%) (Fig. 1) .
In Bielany Grove the same 4 species occurred, but the percentages they formed were different. In this case the species A. agrarius greatly predominated, forming 53-71% of the community, followed by Clethrionovnys glareolus (21-44%), whereas A. flavicollis and P. subterraneus jointly constituted only 3-8%, the first of these two species slightly predominating. In Łazienki Park the rodent community was far from varied, consisting almost entirely of A. agrarius (90-100%), a small number of M. musculus and P. subterraneus being occasionally caught there.
No significant seasonal variations in species composition of the rodent community were found in any of the study areas, and it must therefore be assumed that populations of all the species recorded find favourable conditions throughout the year in these habitats. This is particularly remarkable in the case of A. agrarius, which is known to be a species changing its habitat with the season, probably in search of suitable food (Haitlinger & Korzeniowski, 1962; Holisova 1967; Zejda, 1967).
Species diversity in the rodent communities studied (Table 2) is best characterized by the Shannon-Wiener index (Cox, 1967) . It must be emphasised that the variety of the rodent community in Młociny Wood is exceptionally great for a wooded habitat in Central Poland. In the Kampinos Forest (10 km away) the rodent community is far less diverse, with C. glareolus as dominant, and the value of species diversity index 0.5. The rodent community in Młociny Wood, on account of its diversity, due probably to being situated between the city and the Kampinos Forest, will form the subject of further detailed studies.
The trapping method used permits only of making relative estimates of the rodents' density. For the purposes of this estimate we used the index of number of captures obtained in relation to the number of traps in operation jointly throughout the whole study period (traps X days). This permits only of drawing very general conclusions, but even so it is possible to establish on this basis that the density of rodents in Młociny Wood and Bielany Grove was similar or slightly higher during the study period than the density of rodents in Łazienki Park (Fig. 2a) .
DESCRIPTION OF A POPULATION OF A. AGRARIUS

Density and Position in the Community
The domination of the field mouses increases in the gradient from suburban districts to city centre. This species, from being the co-dominant in Młociny Wood, becomes the dominant among the three other species of the community in Bielany Grove and the only rodent in the city park habitat.
Despite such significant changes in the role of the population its average density level does not vary significantly (Fig. 2b) . In 1975 the relative density of A. agrarius in Młociny, Bielany and Łazienki is very si-milar, whereas in 1976 distinct reduction in numbers can be observed in the park habitat, making it difficult, by the autumn of 1976, to obtain sufficient material for studies there.
Seasonal variations in numbers in the three study populations took different courses. In 1975 during the period from spring to autumn in Młociny Wood no variations in population numbers were observed, in Bielany Grove there was distinct increase in numbers in autumn and in Łazienki Park the long lasting decrease in numbers to which reference has already been made began (Fig. 2b) . In 1976 in spring the numbers of A. agrarius were similar in all three habitats, but up to the autumn there was a slight increase in Młociny Wood, an increase similar to that of the previous year in Bielany Grove, and a further drop in numbers in Łazienki Park.
Interpretation of these variations in numbers is not possible on the basis of the material obtained, but there are two important matters here: in the first place the seasonal and two-year variations in numbers are of a different character in all the populations examined, which points to the different factors determining the level of their numbers and to the lack of contacts between them and in the second placethese variations do not take place with the gradient of »urban-ness« of habitats. Therefore all demographic descriptions which are arranged in accordance with this gradient will arise rather from the differences actually occurring between these populations resulting from different habitats and different position of the A. agrarius population in these habitats, than from differences in the phase or current level of numbers, since these differences should be arranged not in accordance with the gradient.
Sex and Age Structure
In order to illustrate the age structure of the study populations three age classes, corresponding to generations born at different periods of reproduction season, were distinguished among the animals caught. In June individuals born during the early spring period belong to class I (1-3 months old), the oldest individuals, termed old adults, to class III (over 7 months old), and individuals which were 4-6 months old in June belong to class II. If our estimate of age is correct these are individuals born in winter.
Since, however, there is no report of winter reproduction in A. agrarius in literature relating to Central European areas, and there are no direct proofs of winter reproductive activity in the study populations (no gestating or lactating females were caught in winter) this question must be left open until such time as more comprehensive documentary material is obtained. If, however, our estimate of age were correct, it would indicate that winter reproduction in both urban and suburban populations is not a rare occurrence, since it took place in all three populations during the study period.
In October individuals from the autumn generation belong to class I (1-2 months old), individuals from the summer generation to class II (3-5 months old), and individuals present in the population in spring (overwintered animals and those born in winter and spring) to class III (over 6 months old). The picture of age structure in spring (for the two years jointly) differs in accordance with habitat gradient (Fig. 3) . The population in Łazienki Park is the youngest, and in Młociny Wood the oldest. The average age of individuals was 6.6 months for Młociny Wood, 5.1 for Bielany Grove and 4.6 for Łazienki Park. The percentage of the youngest individuals (born in spring) increases in the gradient from suDurban areas to city centre, while the percentage of overwintered individuals decreases. Although the differences referred to are not statistically significant, they are clearly related to the given direction.
Variation with given direction does not occur in the picture of age structure in autumn. The population in Bielany Grove is the youngest, the average age of its individuals being 3.0 months. In the population from Młociny Wood and Łazienki Park the average age of individuals is very similar (respectively 3.5 and 3.4 months), although age structure is slightly different. In all three populations the oldest individuals (class III) i.e. those present in the study areas in spring, are very scantly represented in autumn.
Analysis of sex ratio revealed considerable predominance of males in the whole material, occuring in both years and in all populations. In view of the similarity of these trends data on sex structure have been given jointly for both years (Table 3) . It can be seen that in spring significant predominance of males occurs in all three populations (it is not statistically significant for Młociny Wood on account of the relatively smaller amount of material), and that it is greater in Bielany Grove than in Młociny Wood, and greatest in Łazienki Park. Although the differences in percentages are minimal, they are observed in both years. They may thus be genuine differences, especially as the fact of there being significantly greater numbers of males in the population from Ła-zienki Park is confirmed in autumn. Sex ratio was balanced in autumn in the other two populations. The numerical predominance of males in A. agrarius populations during the reproductive season has been described several times (H a i 11 i ng e r, 1962; Pelikan 1965). It may be due to their greater activity, and the consequently greater trappability of sexually active males, or to sex disproportion in fact occurring in the population, i.e. due to difference in mortality rate of males and females. The authors of the studies referred to above consider that there is a real preponderance of males during this period in the case of the field mouse, due to greater mortality among young females born in the current year.
The balancing of sex ratio in autumn would therefore be due to higher mortality among males directly after the end of the reproductive season. Pelikan (1965) considers that the cause of this increased mortality is »exhaustion« by intrapopulation competition, intensified among males during the reproductive season.
The picture of age structure of females and males in our own study populations is not in complete accord with the opinions put forward by these authors, since it was found that the greatest sex disproportion occurs in the group of old adults in spring. It is similar at Młociny, Bielany and Łazienki, where 66, 62 and 64% of males were found respectively (Fig. 3) .
In other age groups sex ratio is closer to 1:1, and therefore the spring predominance of males would be due to their better survival during winter. In autumn in the populations at Młociny and Bielany, as the overwintered individuals die, disproportion disappears, since in the youngest age groups a ratio of 1:1 is maintained. In the city population, however, although other age groups become predominant, the preponderance of males persists. This points to the differences in social relations or to the effect of other factors eliminating individuals from the city population in comparison with the outlying and suburban populations.
Intensity of Reproduction Processes
Intensification of reproductive processes in the population is revealed by such parameters as the percentage of gestating and lactating females, litter size, rate of attainment of sexual maturity and the percentage of sexually active individuals at the end of the reproductive season. The following groups of individuals have been distinguished in the present study: sexually mature or immature, and among mature animals active females (gestating, lactating, with fresh placental scars) and inactive females (i.e. not characterized by any of the above features, but having an enlarged uterus showing that they have already taken part in reproduction). In spring all sexually mature males were active, but in autumn no differentiation was made between mature individuals with seasonally retarded testes and young, as yet immature individuals, and therefore only the sexually active groups was distinguished among all males in autumn. Groups of individuals distinguished in this way occur in different percentages in the study populations, pointing to different degrees of intensification of reproductive processes (Fig. 4) . This is particularly well marked in the group of females in spring. In both 1975 and 1976 in Młociny Wood there were no immature females at all, and very few in Bielany Grove (9.0 and 10.4%), and far more in the park population (26.8 and 30.4°/o). It might seem that this is the result of the increasing percentage of young individuals in the same gradient in the study populations, but it is not a question of a simple relation of this kind, since in the spring of 1975 the percentage of young individuals in all three populations was higher than in 1976, when there were 6-10 times fewer of them, particularly at Mlociny and Bielany. The degree of sexual activity of females, however, remained unchanged in the two years. In this case it must be other, probably intrapopulation, factors which play a decisive part, causing the process of sexual matu- ration of females to be rapid in spring in Młociny Wood, slower in Bielany Grove and slowest in Łazienki Park. At the same time other parameters which could form indicators of reproduction are very similar in all populations. These include average litter size, which according to data for the two years was 6.3 in spring at Młociny, 6.3 also at Bielany and 6.6 in Łazienki Park (differences are not statistically significant), and the percentage of gestating females, which at least in 1975 was almost identical (40, 45, 43%>).
In autumn differentiation in reproductive activity of the study population is more easily observed in the case of males. The largest number of active males was recorded in 1975 in Łazienki Park (52%), less in Bielany Grove (21%) and least at Młociny Wood (12%). In 1976 studies were carried out a week later (the middle day of the trapping period was October 4th) than in 1975 (September 26th). It is not known whether as the result of this shift in time, or as the result of the earlier ending of the reproductive season in 1976, that there were no gestating females and no active males recorded in the Młociny and Bielany populations, although 26% of the males were active in the park population. The percentage of active females was about that of males, although differences between populations were smaller. This means that reproductive processes last longer in the urban population.
The average litter in autumn was smaller than in spring, but was also similar in all three populations (Młociny 5.8 ±0.43, Bielany 5.5 ±0.69, Ła-zienki 5.1 ±0.81, differences not statistically significant, t Student test P>0.05).
Survival
As intensity of reproductive processes is similar in both years, the different course taken by dynamics in numbers of the three populations in each of the study years (Fig. 2b ) points to differences in intensification of mortality. The variations in numbers observed during the study period, rendering the city population in particular different from the other two populations, may also be due to its different natality or mortality.
The material available, however, permitted only of rough analysis of mortality processes in these populations. It was possible to grasp on its basis only the survival of the populations during the winter period For this purpose, on the basis of the index of relative population density and the percentage formed in the population by chosen groups of individuals, calculation was made of the index of relative numbers of these groups during time t and t+1. On this basis an estimate was made of survival rate during the periods given above (in accordance with the equation (N t iX100°/o): N t (Table 4 ). In general it may be said that winter survival was greater than that of the summer in all the populations and fluctuated within limits of 20-30°/o, and that during the reproductive season of 1975 survival was greater than in 1976. The youngest autumn individuals exhibit particularly distinct trends in survival during the winter period: they overwintered more successfully in the urban population, and least successfully in Młociny Wood.
Body Weight of Adult Individuals
One of the characteristics which may form evidence of the population's living conditions is the body weight of its individuals. Comparison was made of the average body weight of adult males (^5 months old) in three populations. The body weight of adult males is not subject to significant further increase and it may therefore be assumed that small Table 5 Mean body weight of adult males (g).
Time
Młociny differences in the age structure of the males used for the comparison could not significantly contribute to obtaining differences in average weights (Table 5) , especially in view of the fact that the regularity found is repeated in all four trapping series. It is always the males in the urban population which have the greatest weight, and those in the population of Młociny Wood which have the least.
DISCUSSION
It is clear from the analysis made in this study that a large number of ecological processes, and also the dynamics of numbers of the study populations, change with the urbanization gradient of habitats occupied by the field mouse. The material available did not permit of completely determining the differences in biotic and abiotic factors of the habitat in different places in the study gradient. It can be stated, however, that these habitats vary in their attractiveness to rodent species, as is most clearly shown by the index of species diversity (Table 2) , which is highest in Młociny Wood, lower in Bielany Grove and lowest in Łazienki Park.
The population processes observed may by affected by: (1) intrapopulation relations, (2) relations prevailing in the rodent community and (3) factors of the environment, understood in a wide sense, which act directly or indirectly through the structure of both community and population. The hypothesis may be put forward that the reciprocal relations between these three kinds of factors are formed differently in the study habitats (Fig. 5) .
In Młociny Wood the field mouse population is probably subject to intensive pressure of interrelations with other species and the chief E -environment C~ rodent community P-population of A agrarius forces limiting the study population are social relations with other species, competition and limitation (in both time and space). In the city population, however, the pressure from the community disappears and intrapopulation interactions become more important. These interactions might be especially strong as a result of the specific distribution of mice in the park habitat. Not all the habitats created by man in parks are equally favourable to rodents, and consequently distribution of these mice in parks is characterized by large aggregations in the most favourable spots (clumps of trees and bushes, hedges), separated by spaces devoid of rodents (extensive lawns, network of roads and paths). In such aggregations, when the density of the rodents is considerable, a strong social hierarchy may be formed determining the course taken by many popu-lation processes. In Bielany Grove there is an intermediate situation although more similar, due to the more uniform (for mice) habitat, to the situation in Młociny Wood. The results, summarised and set out in Table 6 , lead to the conclusion that where the population of A. agrarius is released from the pressure of the community and begins to be more subject to intrapopulation control, the limiting factors are transferred from mortality to natality. This may be gathered, e.g. from the lowest maturation rate of young females in spring in the park population (line 3 in Table 6 ). This limitation is most certainly caused by social relations unfavourable to maturation and to participation in reproduction of too great a number of females. On the other hand the youngest individuals occur in this very population (line 1), which indicates that survival rate during the nest period and the initial period of independent life was much higher than in other populations. There is distinct prolongation of the reproduction season in the city population as compared with the other two populations (line Table 6 General characteristics of the study populations. Direction of arrow indicates growing value of the index.
MW BG LP 1. Age structure in spring (mean age of individuals) 2. Surplus of males *• 3. Intensity of females maturation -< 4. Intensity of reproductive processes in autumn > 5. Survival rate during winter * 6. Mean body weight of adult males *• 4). This may be due to the fact that in both the study years the density of the park population was lowest in autumn (Fig. 2b) , which would create a situation favourable to prolonged reproduction if habitat conditions were also favourable. It seems that in autumn in the park, the population find such favourable conditions owing to the abundance of seeds and the slightly milder microclimate. It is probably these same population factors (lower density, favourable social relations) and the absence of interspecific competition that provide the explanation for the better survival rate of individuals from the city population (line 5). The higher body weight of adult individuals in the town population in comparison with the other two populations (line 6) can be explained most simply by the more favourable food conditions in the park habitat. It is not however easy at present to state whether these conditions are more favourable owing to the greater abundance of food produced, or to the lack of competition from other rodents (In order to solve this problem studies are being carried out at the present time on the composition of the food of the field mouse in urban and more natural habitats).
It is, however, impossible on the basis of the material available to explain the increase in numerical predominance of males in the urbanization gradient. Undoubtedly some intrapopulation factors, which act with different strength in the gradient studied, are responsible for this.
There are no studies in literature based on rodent material derived from urbanized areas, the relatively largest number on this subject being ornithological studies. The data given in such studies show that changes similar to those given above for rodents occur in an urbanization gradient in bird populations and communities. The bird populations of towns differ from those of other areas in respect of mortality (Batten, 1974) , fecundity (B o z k o, 1971) and effective reproduction (Batten, 1974) . Nuorteva (1971) additionally found the smallest number of bird species, and their greatest biomass, in central urban areas as compared with suburban and more natural areas.
It would therefore appear that we have succeeded in the study presented here in grasping ecological phenomena which are not only connected with the particular species but may be generally characteristic of synurbic vertebrate populations. The phenomena reported here, their significance and mechanisms should be the subject of further studies.:
